c,/y) What is claimed is: 

1. A memory subsystem comprising 

two memory devices connected in parallel/ to a bus, 
said bus including a plurality of bus xines for 



10 ^ 



carrying sxibstantially all address, data and control in- 
formation needed by said memory devices, 

said control information including/device-select 
information, 

said bus containing sxibstantially fewer bus lines than 



the number of bits in 



single address, and 
said bus carrying ^device-select information without the 



need for separate device- 



individual memory devices 



15 ry I ^* "^^^ memory 8iibsystem\ of /claim 1 wherein said bus 
py contains at least 8 bus lines adfeipted to c^rry at least 16 




/' 



ines connected directly to 



address bits and at least 8 data bits. 



20 



3. The memory subsystem of >claim 1 wherein said bus also 

. / \ 

includes parallel lines for clock alad power. 



4. A system comprising 

a memory subsystem of claim 1 wherein each bus of said 
memory subsystem is connected to its own transceiver device. 
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a transceiver bus connecting said transceiver devices, 

and 

a means for transferring information between each of 
said buses of said memory s\ibsystems and s^id transceiver 
bus, whereby memory subsystems may be integrated into a 
larger system having more memory than ai/ individual memory 
subsystem. 

5. The system of claim 4 having a/plurality of memory 
subsystems . 



6. The system of claim 4 further comprising a master 
device connected to said transceiver bus. 



7. The system of claim s/ wherein said master device is 
selected from the group consisting of a central processing unit 
a floating point unit and aVdirect memory access unit.^ 



8. The system of cl4im 4 further coimrising a peripheral 

device connected to the l^ansceiver bus, saiH^ peripheral device 

/ \ \ 

adapted for connection to other devices not on Nthe bus . 



9. The system if claim 8 wherein said peripheral device is 
selected from the group consisting of a>\ I/O interface port, a 
video controller aiid a disk controller. 
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10* The system of claim 5 wherein said transcei^r bus is 
in a different plane than the plane of the bus of each of said 
memory subsystems. 



11. The system of claim 5 wherein the bus^of each memory 
subsystem lies substantially in a subsystem bus plane and said 
transceiver bus lies stibsta-nti^ly in a plane^ orthogonal to said 
subsystem bus plane. 



12. The system of claim\4 havingr at least two transceiver 
buses, each transceiver bus haV^ng a pl^^ality of memory 
subsystem buses connected through a f xrsV transceiver to said 
transceiver bus, 

each of said transceiver buseV being fi^rther connected to a 
second transceiver adapted to interface to a kecond-order 
transceiver bus, whereby each t^/nscWver bus i'^connected 
through said second transceiver to for^ a second-carder 
transceiver bus unit. 



13. A semiconductor subsystem bus for interconnecising 
semiconductor devices comprising 

a plurality of /semiconductor devices connected in 
parallel to a bus, /at least one of said semiconductor 



devices being a memory device or a transceiver device which 
in turn is connected to a memory subsystem, 

said bus including a plurality of bus lilies for 
carrying substantially all address, data and control 
information needed by said semiconductor devices, 

said control information including ^miconductor 
device-select information, 

said bus containing substantially fewer bus lines than 
the number of bits in a single addr^s, and 

said bus carrying device-select information without the 
need for separaty^^vice-select Mnes connected directly to 

8, and 



individual semico^iductor device 
at least one 



/ 



difiSable register in each of the semi- 
conductor devices ok said^buy, said modifiable registers 
being accessible frofli said ^bii^, whereby the s\ibsystem can be 
configured using signals transmitted on said bus. 



14. The semiconductor ysubsystem bus of claim 13 wherein one 
type of modifiable register is an access-^ime register designed 
to store a time delay afj^r whk^ a device may take some 
specified action on said bus. 



15. The semiconductor subsystem bus of claim 13 fuirther 
comprising a semiconductor device having at least two access-time 
registers and 
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one of said access-time registers is permanently programmed 
to contain a fixed value and at least one of said «^ccess-time 
registers can be modified by information carried/on said' bus. 

16. The semiconductor subsystem bus of dlaim 13 further 
comprising a memory device having at least one discrete memory 
section and also having a modifiable address register adapted to 
store memory address information which corresponds to each said 
discrete memory section. 



C03 



17. The semicondfi^or subsystem bus of claim 16 wherein 
said memory address information comprises a pointer to said dis- 
crete memory section. 

18. The semiconductor subsystem bus of claim 16 wherein 
said discrete memory section^ has a\top and a bottom and said 
memory address information/(comprises\pointers to said ,top and 
said bottom. 



* 19. The semiconductor subsystem bus o^ claim 16 wherein 
said memory address i/formatiok comprises 

a pointer Jio said discrete memory section and 
a range value indicating the size of said discrete 
memory section. 



High Performance Bus Interface -67- 



20. The semiconductor subsystem bus of claim 
said address registers of each of said discrete memory sections 
of each of said memory devices connected to said bus are set to 
contain memory address information that is different for each 
discrete memory section and such that the highe/st memory address 
in each discrete memory section is one less t^an the lowest 
memory address in another discrete memory section, 

whereby memory may be organized into oile or a small number 
of contiguous memory blocks. 

21. The semiconductoKsubsystem bu4 of claim 16 further 
comprising a means for testVrtg each of /said discrete memory sec- 
tions of each of said memor^ deuces /for proper function, and 

for each non-f unctional ^EUscrete memory section, a 
means for setting at least one^ddress register which 
corresponds to said discry^/mem^y section to indicate that 
said discrete memory section is noi^-f unctional , . 

for each functional discrete men^ry section, a means 
for setting at least one/aidress register which corresponds 
to said discrete memory/ section to contain such 
corresponding address information. \ 



22. The semiconductor subsystem T>us of claim 21 wherein 
said address registers cbrresponding to said discrete memory 
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sections are set to provide one contiguous memory block within 
the subsystem. 

23. The semiconductor subsystem bus of claim 13 wherein one 
of said modifiable registers is a device identp ication register 
which can be modified to contain a value unique to that 
semiconductor device. 

24. The semiconductor subsystem bus yof claim 23 wherein 
said device identification register is set to contain a unique 
value which is a function of the physical position of that 
semiconductor device eitherreJ-ong said bus or in relationship to 
other semiconductor devices W^aid pus. 

25. A bus subsystem compris: 
two semiconductor devices Connected in parallel to a 

bus, wherein one of said semiconductor devices is^ a master 
device, 

said master device including a ^eans for initiating bus 
; transactions , 

said bus including a plui^ality of bus lines for 
carrying substantially all address, data and control 
information needed ^by said devices, 

said control information including device-select 
information. 
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said bus containing sxibstantiallj^ fewer lines than the 
number of bits in a single address, and 

said bus carrying device-selecty information without the 
need for separate device-select lines connected directly to 
individual devices on said bus, whereby said master device 
initiates bus transactions which /transfer information 
between said semiconductor devices on said bus* 

26. The bus subsystem of clai^ 25 wherein one of said 
semiconductor devices is a memory /device connected to said bus, 
said memory device having at lea^t one discrete memory section 
and also having a inSdifiable actress register adapted to store 
memory address infojspiation whi/ch corresponds to each said 
discrete memory secti^c 



27. The bus subsy^temj 
semiconductor devices co] 
parallel to said bus and 
on a bus other than said/bu^ 



claim 26 wherein one of said 

transceiver device connected in 
•nnectecKin parallel to a memory device 



28. The bus subsystem ot claim 26 further including a means 
for said master device to requtest said memory device to prepare 
for a bus transaction by sending a request packet along said bus, 
said memory device and said master device each having a device- 
internal means to prepare to begin said bus transaction during a 
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device-internal phase and further having a bus^ access means to 
effect said bus transaction during a bus access phase, said 
request packet including 

a sequence of bytes containing address and control 

information/ 

said control information including information about 
the requested bus transaction and /about the access time, 
which corresponds to a number of /bus cycles, which needs to 
intervene before beginning said/ bus-access phase, and 

said address information pointing to at least one 
memory locatiofK within one of said discrete memory sections 
of said memory VieVice . 



29. The bus subd^yster 
device includes a mean 
initiate said device- 
said device-internal ph 
bus access phase after s 



to ri 



ema 



se 



of /claim 28 wherein said memory 
said control information and 
eans at a time so as to complete 
said access time and begin said 
numbeX of bus cycles. 



30. The bus subsystemXof claim 1^8 wherein said control 
information comprises ^ op cb^e . 



31. The bus subsystem of claim 30 wherein said memory 
device includes sena^ amplifiers adapted to hold a bit of 
information or to precharge after a selected time and a means to 
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transfer a data block during a data block transfer either reading 
data from said memory device or writing data f nto said memory 
device, and 

wherein said op code instructs said men^ory device to 
5 activate a response means, said response m^ans including a means 
to 

initiate a data block transfer^ 
select the size of said data block, 

select the time to initiate said data block transfer, 
10 access a control register, iricluding reading from or 

O writing to said control register. 

In precharge said sense ampli^f iers after each of said data 

O block transfers is complete, / 

hold a bit of vLjiformation in each of said sense 
15^' amplifiers after eaiijh ^ sadd data block transfers is 

complete, or \ \/ 

select normal or V)age-ihode access • 



32. The bus s\ibsystem^o!E claim\^ wherein said data block 
20 transfer comprises a read fcromxpr a wrli^te to memory within a 
single memory device. 



33. The bus subsystem of claim 28 further comprising a 
means for said master device to send control information to a 
25 specific one of said semiconductor devices on said bus by 
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including in said request packet a device identif ic£^tion number 
unique to said semiconductor device. 



34. The bus subsystem of claim 28 further ^mprising a 
means for said master device to send control information to a 
selected one of said discrete memory portions ^y including in 
said request packet a specific memory address 



10 



15 . 
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35. The bus subsystem of claim 28 fiidcther comprising a 
means for said master device to send con;trol information to 
substantially all semiconductor device^ on said bus by including 
in said request packet k social device identification number 
which is recognized by said aemicon(^uctor devices. 



36. The bus subsyst© 
information specifies 
cycles for said master 
before beginning said 




28 wherein said control 
indirectly the number of bus 
memory device to wait 



36 wnerein, for a data block 
>ry. device use the same 



37. The bus subsyst 
transfer, said master deyCrice and 'E^aid memo 

access time and same data block size regardless of whether said 
data block transfer i^ a read or write operation. 
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38. The bus subsystem of claim 28 %»herein saidyfcontrol 
information further includes a block-size value tha^ encodes and 
specifies the size of the block of data to be transferred . 



5 39. The bus subsystem of claim 38 wherein/said block-size 

value is encoded as a linear value for relatively small block 
sizes values and is encoded as a logarithmic /Value for relatively 
larger block sizes. 

10 _ 40. The bus subsystem of claim 38 wherein said block-size 

S value is encoded using four bits, and where the encoded value is 
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/ 1024 
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41. The bus subsys 
device is a DRAM device' containing 

a plurality yof sense amplifiers 

High Performance Bu^ Interface -74- 



26 whereimsaid memory 



• 



a means to hold said sense amplifiers in anf unmodified 
state after a read or write operation, leavino^ the device in 
page mode, 

a means to precharge said sense amplifiers and 
a means for selecting whether to precharge said sense 

amplifiers or to hold said sense amplifiers in an unmodified 

state. 

42. The bus ' subsystem of claim 28 wMerein said request 
packet comprises an even number of bytes'. 



43. The bus subsyst^ of claim 28 further including a means 
for generating and controlling a plurality of bus cycles, during 

dress, data and control 

e said bus cycles are designated 
ctively, and wherein said 
en cycle. ; 



which said bus carries sai 
information, and wherein al 
odd cycles and even cycles, 
request packet begins only o 




44. The bus subsystem^o 
for : generating ECC informatio 
and a means for using saia ECC 
storing or reading said block o 
information may be stor^fed separat^€tly from said block of data 



further including a means 
t^ing to a block of data 
to correct errors in 
wher^ein said ECC 
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45. The bus subsystem of claim 44 further comprising at 
least two of said memory devices wherein said ECO information and 
said corresponding block of data are stored in a first and a 
second said memory device, respectively, and s^id master device 
includes a means to write or read said block of data with error 
correction by sending separate ones of said Request packets for 
said ECC information and for said corresponding block of data. 



levice connected in 



46. A bus subsystem comprising 

a memory device and a master 
parallel on a bus, 

a means for said mast^ device to send a request 
packet and initiate a bus /transaction and 

a meacs for said ma/ter device to keep track of 
current a\jd ^^ending bus/transactions, 
said bus iAplucl^ing a murality of bus lines for 
carrying substant\|.allV all address, data and control 
information needed\by s^/d memory devices, 

substantially fewer lines than the 
y^address, and 

-select information without the 
lines connected directly to 
J, whereby said master device 
which transfer information 



said bus containin 
number of bits in a\s 

said bus carryi 
need for separate d 
individual devices 
initiates bus tra 




between devices on said bus and collisions on said bus are 



avoided because said toaster device avoids initiafting bus 
transactions which would conflict with currentybr pending 
bus transactions . 

47. The bus subsystem of claim 46 having ajt least two of 
said master devices and including 

a collision detecting means whereby i first said master 
device sending a first said request packfet can detect a 
second said master device sending one </f said colliding 
request packets, where one of said sa/d colliding request 
packet may be sent ^;slmultaneous with/ the initial sending of 
or overlapping the s^ndi^ig of said/^irst request packet, and 



an arbitration mean 
master devices select a p 
master devices will be all 
sequentially. 




said first and said second 
order in which each of said 
ccess said bus 



48. The bus subsystem of /claim 4> where^in each of said 
master devices has a master iL number and each\of said request 
packets includes a master l/ position which is a predetermined 
number of bits in a predetermined position in said request 
packet, and wherein said Collision detection means comprises 

a means inclu^fed in each master device for sending a 
request packet including said master ID number of said 
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master device in said master ID position of sa^ request 
packet and 

a means to detect a collision and inyok/^ said 
arbitration means if any master device detects any other 
master ID number in said master ID position. 

49. The bus subsystem of claim 47 wherfein each of said 
master devices includes 

a means for sending a request pa'cket, 

a means for driving a selected /bus line or lines during 
at least one selected bus cycle while said request packet is 
being sent, 

a means for m^^oring said^ selected bus line or lines 
to see if a said mas^er\device/is sending a colliding 
request packet and 

a means for informing a\l other master devices that a 
collision has occurred an\/for\nvoking said arbitration 
means . 

50. The bus subsystem cjf. cla^ 47 whei^in each of said 
master devices includes 

a means, when sending a r^auest packet, to drive a 
selected bus line ox jlLn&B with\a certain current during at 
least one selected l^us cycle, 

i 
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a means for monitoring said selected bus line/or lines 
for a greater than normal current to see if another master 
device is driving that line or lines, 

a means for detecting said greater than /iormal current 4 

and 

a means for informing all said master/^ devices that a 
collision has occurred and for invoking /aid arbitration 
means . 



51. The bus subsystem of claim 47 ^herein said arbitration 
means comprises 

a means for initiating an atbitration cycle , 
a means for aJSlocating a ^single bus line to each master 
device during atXleasI: one sielected bus cycle relative to 
the start of said^arbitkatifon cycle, 

a means for allocatifta each master device to a single 
bus line during one of i6aid\elected bus cycles if there are 
more master devices t|mn available bus lines, 

a means for eacJfi oA said mas^r devices which sent a 
colliding request /acket M:o drive said bus line allocated to 
said master devi5^ during ^said selected^us cycle, and 
a means in/at least one of said master devices for 
storing infoirrfation about which master devices sent a 
colliding request packet. 
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v^ereby said master devices can monitor selected bus 
lines during said arbitration cycle and identify each said 
master device which sent a colliding request packet. 

52. The bus subsystem of claim 47 wherein/said arbitration 
means comprises / 

a means included in a first one of said master devices 
which sent colliding reifruefet packets^ for identifying each of 
said master devices which sent colliding request packets, 

a means for assignina a prWrity to each said master 
device which sent a colliding irequest packet, and 

a means for allowing eaon said Vaster device which sent 
a colliding request packet /to. access the bus sequentially 
according to that priority. \^ \ 

53. The bus subsystem/of claim 52 wherein said priority is 
based on the physical location of each of said master jievices. 

54. The bus subsystem of claim 52 wherein said priority is 
based on said master LD number of said master devices. 

55. The bus subsystem of claim 52 wherein each of said 
master devices includes a means, when sending a colliding recjuest 
packet, for decidang which master device can send the next 
request packet dn what order or at what time, whereby no master 
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device may send a new request packet xintil responses to each 
pending request packet have been completed or schedu^^. 

56. A bus subsystem comprising 

a plurality of semiconductor devices cpnnected in 
parallel to a bus, 

said bus including a plurality of bu^ lines for 
carrying substantially all address, data^ and control 
information needed by said semiconductor devices, 

/ 

said control information includ|>ng device-select 
information, 

said bus contai^ng substanti/klly fewer lines than the 
number of bits in a s^iigle address, 

said bus carrying \saUd dejice-select information with- 
out the need for separate device-select lines connected 
directly to individual sfemioonductor devices, 

said semiconductor d\rv^ce^\^ a reset means 

having an input and an ou)£put, the output of the teset means 
of one semiconductor dev4.ce\ being \onnec ted to the input of 
the reset means of the /next semicondVctor device in series . 



57. The bus subsystem of claim 56 further including system 
reset means comprising 

a means for generating a first and a second reset 
signal. 
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a means for passing said first reset signal to a first 
of said semiconductor devices and then to subse^ent ones of 
said semiconductor devices in series and 

a means for passing a second reset sigxi4l to said first 
semiconductor device and then to said subsequent 
semiconductor devices in series, 
said bus subsystem including one of said s^aiconductor devices 
containing / 

a device identification register adapted to contain a 
number unique to said semiconductor device within said bus 
subsystem, 

a device idei\tif r^ation Register setting means, and 
a device rese-^ mea\s for resetting said semiconductor 
device to some desi^d, J^own reset state in response to 




said first reset signal anii for setting said device 
identification registeaif/in response to said second reset 
signal, 

whereby said bus' subsystem ^an be reset to a known 
reset state with a imique cievice \dentif ication value in 
said device identification register\of each of said 
semiconductor devices . 



58. The bus subsystem of claim 57 wherein said desired, 
known reset state/is where all registers in the semiconductor 
device are cleared and the state machines are reset. 
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59. The bus siibsystem of claim 57 wherein 8» 
identification register setting means comprises 

a means for detecting said second res^t signal, 
a means for reading a device identification number from 
said bus lines at a specific time relatpre to said second 
. reset signal and 

a means for storing said device identification number 
in said device identification register of said semiconductor 
device . 



60. The bus subsystem of claim/s? wherein said second reset 
signal comprises mul^ple pulse sequences and wherein said device 
identification settingVeans includes 

a means for interpreting said pulse sequences as a 
device identif icati^iivnui^er and 

a means for sterling/ said device identification number 
in said device identi\;i!Mstion register of said semiconductor 
device . 



61. The bus subsys4:em ot\claim\57 wherein said device reset 
means comprises an n-sZige shift register capable of storing li- 
bit values, wherein said device reset means interprets a specific 
value in said shift /register as said first reset signal and 
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interprets a specific value in said shift register as s^id second 
reset signal. I 

62. The bus sxibsystem of claim 57 wherein one/of said 
semiconductor devices is a master device, said master device 
including a means for generating said first and /said second reset 
signals. / 

63. The bus siibsystem of claim 57 whejtein one of said 
semiconductor devices is a master device, /said master device 
including / 

a master ID register, / 

a means for assWiing a mas^r ID number to said master 
device and \ \ / 

a means for storing \aid >master ID number in said 
master ID register. \ y 

64. The bus subsystem ofXclaiir\63 further comprising a 
second one of said master devices, anava means for a first one of 
said master devices to assijgn a master ID number to substantially 
all other said master devifces, whex^eby saM first master device 
assigns one of said master ID numbers to each of said master 
devices on said bus sufc4ystem and each said master device stores 
said assigned master iED nximber in said master ID register. 




High Performance Bus Interface -84- 




65. The bus subsystem of claim 57 wherein one of said 
semiconductor devices includes a device-tynfe register adapted to 
contain an identifier characteristic of thfeit type of 
semiconductor device, and one or more mo<M.fiable registers, at 
least one of which is an access-time register adapted for storing 
access times . 

66. The bus subsystem of claim yb 5 wherein one of said 
semiconductor devices is a master device having 

a means for selecting a semiconductor device, 

a means for reading said device-type register of said 
selected semi^nductor device, 

a means fdt ^^etermini^g the device type of said 
selected semiconducliDr d&vice, 

a means for deterWiing access-time values appropriate 
for said selected semiconductor device and for storing said 
access-time values in/said^access-time registers of said 
selected semiconductor dWice\ and 

a means for sel/ectind and storing other values 
appropriate for said selected semrconductor device in 
' corresponding registers of said selected semiconductor 
device , 

whereby saild master device can select a semiconductor 
device, determi/ne what type it is, and set said access-time 

•■'"'•■"'r"— — ■ 
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67. The bus stibsystem of claim 66 further comprising a 
memory device having at least one discrete/ memory section and at 
least one modifiable address register adapted, to store memory 
address information which corresponds to/ each of said discrete 
memory sections, and 

said master device further comprit^ing a means for selecting 
and testing each of said discrete memofry sections and a means for 
storing address information in said alddress registers 
corresponding to each of said discrete memory sections, whereby 
said master device can test all eask discrete memory sections and 
assign unique address wa lues thereto. 



68. A bus subsystem cqmprising 

two semiconductor dey/ces connected in parallel to a 



bus, one of said semic 
device , 

said bus includin 
carrying substantiall 
information needed b 

said control i 



itpr devices being a master 




,ity of bus data lines for 
, data and control 
uctor devices, 
'including device-select 



information, 

said bus conl/aining substantially fewer of said bus 
data lines than the number of bits in a single address, and 
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said bus carrying device-select information without the 
need for separate device-select lines ^nnected directly to 
individual semiconductor devices, 

wherein all of said bus data lines are terminated 
transmission lines and all of said address, data and control 
information is carried on said bus/ data lines as a 
sequential series of bits in the >f orm of low- voltage- swing 
signals. 



69. The bus subsystem of claim 68 further comprising a 
semiconductor device in^uding a y^urrent-mode driver connected to 
drive one of said bus dauav lines. 



e^ 



70. The bus subsystem ofNclaim 69 further comprising a 
semiconductor device having me^ns to measure the voltage of 
said low-voltage-swing signal^ on a\selected one of said bus data 



7 



L 



lines, whereby said semiconduc 



zero, one, or more than one 



driving said selected bus data 




can deteantiine whether 
nt-mode drivers are 



71. The bus stil^ystem of claim 70 further comprising a 
semiconductor d&vLoJ having 



a plurality of input receivers connected to one of said 
bus data lines, and 



nps 
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a selection means for selecting said inpdt receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of bits. / 



72. The bus subsystem of claim 70 further comprising a 
semiconductor device having two input receivers connected to one 
of said bus data lines. 




73. A bus subsystem comprising 

two semiconductor devices coiuiected in parallel to a 
bus having a first and a second evld, said bus including a 
bus clock line, sa^^bus clock li/ne having first and second 
ends corresponding tc>\aid first and second ends of said 
bus , respectively, 

a clock generator ^oni^c^ed to said first end of said 
bus clock line to generate ^akly bus clock signals with a 
normal rise time, and 

signal return means ji\ said s^<^nd end of said bus 
clock line to retuim said e^ly bus clock signals to said 
first end of said bus as corresponding \ate bus clock 
signals, 

whereby each of ysaid early \^s clock signals will 
propagate from said /clock generator along said clock line 
starting from said /first end to said second end of said bus 
and then return at a later time to said first, end of said 
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bus as a corresponding late bus clock signal, whereby each 
semiconductor device on said bus can detect said early bus 
clock signals and said corresponding late bus clock signals. 



74. The bus subsystem of claim fZ further comprising a 
first and a second said bus clock line having first and second 
ends at said first and said second ^nds of said bus, 
respectively, wherein said signal /return means directly connects 
said second ends of said first and said second bus clock lines 
whereby each of said early bus clock signals will propagate from 
said clock generator\at said filrst end of said bus along said 
first bus clock line \tb said /second end of said bus and then 
return on said second puV cXock line to said first end of said 
bus as one of said corr)9spj6nding late bus clock signals . 



75. The bus subsyst 



return means comprises sai 
terminator at said second en 
bus clock signals reaching sa 
clock line will be reflected brf 
as said corresponding late bus c 





aim 73 wherein said signal 

^us clock line without a line 

y 

whereby each of said early 
d of said first bus 

d first bus clock line 
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76. The bus subsystem of ciaim 73 further comprising 
a means for operating said bus in bus cycles timed to 

have a certain bus cycle frequency apd a corresponding bus 
cycle period and 

a means for operating said clo'ck generator with a 
period of twice the bus cycle period. 

77. The bus subsystem of claim/? 6 wherein said bus cycle 
frequency is greater than approximately 50 MHz and less than or 
equal to approximately 500 MHz. 

78. The bus subsystem of cl/aim 73 further including a 
semiconductor device halving an internal device clock generating 
means to derive the mid^joxljt ti4e between said early and 
corresponding late bus cioc]\ signals and to generate an internal 



device clock synchronized\to /said midpoint time 




79. The bus subsystem'\of claim 73 further including a 
semiconductor device having \ low-skej7 clock generator circuit 
comprising 

a first delay line h^ing an input, an output and a 

basic delay and me/ns for synchronizirig the output of said 

/ ^ ' 

first delay line yWith said early bus clock signal, 

a second de/lay line having said basic delay plus a 

variable delay/ said second delay line having an output and 
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a means for synchronizing the output of said second delay 
line with said late bus clock signal, and 

a third delay line having a JthLrd delay and a means to 
set said third delay midway between the delays of said first 
and second delay lines, said third delay line having an 
output which provides an internal device clock signal 
synchronized to a time halfway between said early and said 
late bus clock signals. 

80. The bus subsystem of /claim 73 wherein said early and 
said late bus clock signals are low-voltage-swing signals that 
transition cyclically between low and high logical values, and 
further including a\s^aiconductor device having a low-skew clock 
generator circuit comprising 

a DC amplifietr to\convert said early and said late bus 

clock signals into Nfiull-^ing logic signals, 

a first variabley delayv line having a first variable 

delay and an input/anoVan output, the input of said first 

variable delay line being conneteted to said DC amplifier 



a first, a second and a third^ additional delay line 
iii 



' each having an input and an output) the input of each of 
said additional/ delay lines being connected to the output of 
said first delay line, 

saicj first additional delay line having a fixed 

delay. 
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said second additional delay line having said 
fixed delay plus a second variable delay, and 

said third additional delay line having said fixed 
delay plus one half of said second variable delay, 
a first clocked input receiver connected to sample said 
early bus clock signal and gatecyby said output of said 
first additional delay line, 

a means for adjusting said first variable delay so said 
first clocked input receiver Aamples said early bus clock 
signal just as ^aid early bufe clock signal transitions, 

a second ciofeked input/ receiver connected to sample 
said late bus cJ^d^^signal'^ gated by said output of said 
second additionalVdelHy I'ine, 

a means for ad\justxng said second variable delay so 
said second clocked\inp^t\receiver samples said late bus 
clock signal just as\aid late bus clock signal transitions, 
whereby said output of sa\d third additional delay line 
is synchronized to J time ha Ifwa^. between said ouiputs of 
said first and said/ secomi additiw\al delay lines, and said 
output of said thitd additional delaV line provides an 



internal device cjlock signalN. 

81. The bus Subsystem of claim 80 further comprising a 
semiconductor device having 
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a first one of said low-skew clock generator 
circuits which generates a "trup" internal device clock 
signal and 

a second one of said lowAskew clock generator 
circuits connected to generate a "complement" internal 
device clock signal synchronized with but opposite in 



logical value to said "true" internal device clock 
signal. 



82. A DRAM device designed/to be connected to an external 
bus having a plutklity of bus lines for carrying substantially 
all address, dataXand control information needed by said DRAM 
device as a seguentlai series^ of bits , said control information 

\\ / 

including device-select\ information, said external bus containing 
substantially fewer said \u4 lines than the number of bits in a 
single address, and saia ^uss, carrying device-select information 



without the need for separate aevice 



5-select lines connected 
directly to said DRAM devibe, saiji DRAM device comprising 



an array of memor^ cells N^onnec ted in rows and colximns, 
each of said memory cells adapted to store one of said bits, 
a row address selection means for selecting one of said 



rows, 



a column sense amp coimected to each of said colximns. 



each of said column sense amps adapted to latch one of said 
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bits as a binary logical value or to p recharge to a selected 

state, / 

a column decoding means connected to each of said 
column sense amps for selecting a plurality of said column 
sense amps for inputting one of said bits to or outputting 
one of said bits from said memory cells, 

an internal I/O bus having a /plurality of internal I/O 
lines wherein each of said Lnterfial I/O lines is connected 
to a plurality of said column sense amps, and 

a plurality of bus connection means designed to connect 
said internal I/O lines to eajd external bus, 

whereby a selected bit of said sequential series of 
bits can be transfe]^^ from/ said external bus to a selected 
one of said memory c^rs or/said bit contained in a selected 
one of said memory ce]\ls\dn be transferred to said external 
bus. 



83. The DRAM device of Alaim 82v further comprising 

an output driver connected to\^one said bus connection 
means , 

an output multiplexer Wing an ^^tput connected to 
said output driver aid a pluJcality of inputs, each of said 
inputs being connected to one of said internal I/O lines, 
and 
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a control means to select whet/her said output driver 
can drive said external bus, 

whereby a plurality of memoij^ cells are selected using 
said row address selection means and said colxamn decoding 
means and a plurality of bits contained in said plurality of 
memory cells are output throuc/n said coliimn sense amps to 
said internal I/O bus to said output multiplexer to said 
output driver to said external bus. 



10 



15 



20 



84. The DRAM deSrice of claim 82 further comprising 

a plurality <r£ input receivers connected to one of said 
bus data lines and tto said internal I/O bus, 

a selection m^ans/^for selecting said input receivers 
one by one to sense N^iid ^ore, one at a time, the bits of 
said sequential seri^k of l^ts, and 

a control means/ toXselect whether an input receiver can 
drive said interna]/ I/O B(us, wft^reby a bit of said 
sequential series of bits Vs inpiit from said external bus 
through one of said input receiver^ to one of said internal 
I/O lines to one/of said colximn sense amps to one of said 
memory cells. 



• 
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85. The DRAM device of claim 82 further comprising 
a first and a second half -array /of said memory cells 

herein each said row of said array /of said memory cells is 
subdivided into two parts, 

a first and a second one of sAid internal I/O buses 
connected to said coliimn sense amps in said first and said 
second half -arrays, respectively/ and 

a column decoder means to gate selected ones of said 
column sense amps connected to /said memory cells in a 
selected row of ^said first and/ said second half-arrays 
s imu 1 taneous ly . 

86. The DRAM devrceNpf claiiin 85 wherein said column decoder 
means selects sixteen column sense amps at a time. 



87. The DRAM device of claim 82 wherein said external bus 



operates at a certain speed Valid > wherein said DRAM device includes 
four of said internal I/O bii^es, ^ach of which operates at one- 
fourth the speed of said extfe&ial bu.s. 



: 88. The DRAM device o'f claim 82 father comprising 

a means for prechargingVone of\said column sense amps 
to a precharged statfe from which a binary logical value can 
quickly be loaded into said colvimn sense amp. 
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if said column sense amp contains /a binary logical 
value/ a means for latching the logic^il value currently 
contained in said column sense amp ai 

a means for instructing said DRAM device to precharge 
said column sense amp or latch said binary logical value in 
said column sense amp. 

89 . The DRAM device of claim 88/ further comprising a means 
for instructing said DRAM device to /precharge said column sense 
amp without further instruction whenever said row address 
selection means selectVsa different one of said rows. 



90. The DRAM deviceyof\cla^im 88 further comprising a means 
for instructing said DRAM devioe to precharge said column sense 
amp without further instruction at a first or a second 
preselected time after latchfng th^atest said binary logical 
value, said first preselected time being long enough for said 
DRAM to latch said binary l^gicaa value\into said column sense 
amp and transfer said bLnJry logi^l valuk into memory or onto 
one of said internal I/O /lines, and said second preselected time 
being a variable which <^an be stored in said' DRAM device whereby 
said DRAM can latch a binary logical value into said column sense 
amp for trans iEerring s/id binary logical value into or out of a 
selected said memory cell, then precharge to allow a faster 
subsequent read or write. 
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91. A package containing / 

a semiconductor die having a side, circuitry and a 
plurality of connecting areas positioned along or near said 
side, spaced at a selected pitch and connected to said 
circuitry, / 

said package comprising a plurality of bus connecting 
means for connecting to a plurality of external bus lines, 
each of said external bus linjs corresponding to one of said 
connecting areas, each of said bus connecting means being 
positioned on a first side of said package, 
connected to one/ said external bus line and to 

said correspohding ^onnecting area on said 

semiconductor dx^^and 

spaced aV a p^ch substantially identical to said 

selected pitch Vf/ sard connecting areas, 

whereby each of said external bus lines can be 
connected to said correspondingvconnecting area on said 
semiconductor die Ijf hvik connect!^ means positioned along a 
single side of said package. 



'92* The package/of claim 9yl further comprising a plurality 
of said bus connecting means wherein each of said bus connecting 
means includes / 

a pin adapted for connection to one of said external 
bus lines ana 



7 
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a wire connecting said pin to one of said connecting 

areas on said semiconductor die, 

said wire having an effective lead' length less than about 4 
millimeters and wherein the effective /lead length of said wire of 
each of said bus connection means fo^ said package is 
approximately equal • 

93. A plurality of packages/of claim 91 wherein at least 
two of said semiconductor die are memory devices, each of said 
packages being generally flat, ynaving a top and a bottom, and 
wherein 

said packag^\ are physically secured adjacent and parallel 
to each other in 

where a first \on^ of daid packages is adjacent to a second 
one of said packages^ inxsaid stack, said top of said first 
package is subs t ant ia\ly /aligned with said bottom of said second 
package, and 

said bus connectirig\means\pf each of said packages^ are 
substantially aligned /and \are lying substantially in a plane. 

' 94. The plurality of packages of claim 93 further 
comprising a plurality of stacks wherein each of said bus con- 
necting means caiy be electrically connected to corresponding said 
bus connecting means in each of said stacks. 
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95. A semiconductor device capable of use in a semi- 
conductor bus architecture including L plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select in/formation needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines tlnan the number of bits in a single 
address, and carries device-se/lect information for said 
semiconductor device without /the need for a separate device- 
select line connected directly to said individual semiconductor 
device, said seirti>conductor /device comprising 

connection means/ adapted to connect said semiconductor 
device to said i>us, /and 

at leastWA modifiable identification register 
accessible to s.ai<l(bus through said connection means, 
whereby data ma\ /eVtransmitted to said register via said 
bus and enable si^d device thereafter to be iiniqdely 
identified . 

96. The semiconducti^ de^ce of claim 95 wherein said 
semiconductor device is a memory^ device which connects 
substantially only to said bus and sends and receives 
substantially al/l address, data and control information over said 
bus . 

t 
ft 
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97. A semiconductor device capable of use in a semi- 



conductor bus . architecture including a pLurality of semiconductor 
devices connected in parallel to a bus yiierein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select infoiAation needed by said 
semiconductor device for commxmication with substantially every 
other seiaiconductor device connected to said bus, and has 
substantially fewer bus lines tharl the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, said semiconductor device comprising 

connectiJonNmeans adapted to connect said semiconductor 
device to said bu^, and 

at least dne mbdifiab register to hold device address 
informationX ski^ modifiable register accessible to 



98. The semiconductor device of claim 97 wherein said 
semiconductor device is a memoiry device which connects 
substantially yonly to said bus and sends and receives 



said bus through said connection means, whereby data 
may be tran^rtted ^o said register via said bus which 
enables sa/d de\ice thereafter to respond to a 




predetermined range of Wdresses. 
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substantially all address, data and control information over said 
bus . 

99. The semiconductor device <Sf claim 98 v^erein said 
memory device has at least one di/crete memory section and also 
has at least one modifiable addr|fess register adapted to store 
memory address information whi^ corresponds to each said 
discrete memory section. 

100. The semiconductor/device of claim 99 wherein said 
memory address ^formatioi/ comprises a pointer to said discrete 

memory section 

101. The sem\cbndi^tor device of claim 100 wherein said 
discrete memory se^tiofn has a top and a bottom and said memory 
address information VompriSfS pointers to said top and said 
bottom . 



102. The semifconductiu: devisee of claim 100 wherein said 
memory address irff ormation iqpmprdses 

a poin/cer to said discrete memory section and 
a range value indicating the size of said discrete 
memory section. 
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103. A semiconductor device capable of use in a semi- 
conductor bus architecture including a/plurality of semiconductor 
devices connected in parallel to a bu6 wherein said bus includes 
a plurality of bus lines for carrying substantially all address,- 
data and control information neededy/by said semiconductor device 
for communication with substantially every other semiconductor 
device connected to said bus, and/has substantially fewer bus 
lines than the number of bits in/ a single address, said 
semiconductor device comprising 

connectioVi means adapted to connect said semiconductor 

device to said^us , and j 

at least on^Vodif iable access-time register accessible 
to said bus thro\iWh\sa4d connection means, whereby data may 
be transmitted to WiJi register via said bus which 
establishes a predenerm^ed amount of time that said 
semiconductor device Vher daft er must wait before using said 
bus in response to/a request^ 



104. The semiconductor device oi claim 103 wherein said 
semiconductor device /is a memory device which connects 
substantially only to said bus and sends and receives 
substantially all address, data and control information over said 
bus. 
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105. The semiconductor device of ciaim 103 further 
comprising at least two access-time registers and one of said 
access-time registers is permanently Programmed to contain a 
fixed value and at least one of sai<y access-time registers can be 
modified by information carried on fiaid bus. 



106. A semiconductor device cfapable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel t6 a bus wherein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and ^evice-selefct information needed by said 
semiconductor devi\e\for comhunication with substantially every 
other semiconductor ye^ce Connected to said bus, and has 
substantially fewer bus \i/(es than the number of bits in a single 
address, and carries dWieerselect information for said 
semiconductor device without \he need for a separate device- 
select line connected dir\ctly\o said individual semiconductor 
device, and wherein ea6h said busVine is a terminated 
transmission line, sa/d semidonductor device comprising 

connection/means adapted to connect said semiconductor 
device to said/ bus, and 

a bus lirie driver capable of producing a low-voltage- 
swing si gna 1/ on one of said terminated transmission lines. 
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107. The semiconductor device of claim 106 wherein said 
semiconductor device is a memory device which connects 
substantially- only to said bus and s^ds and receives 
substantially all address, data and ^control information over said 
bus . 



108. A semiconductor device /capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to' a bus wherein said bus includes 
10 a plurality of bus lines for carrying substantially all address, 
O data/ control and device-seleot information needed by said 
m semiconductor device for communication with substantially every 
b. other semiconductor device connected to said bus, and has 
il substantially fewir bus lines than the number of bits in a single 
15^ address, and carrifesSdevici-select information for said 

y semiconductor devickwa^hdut the need for a separate device- 
H select line connectedNdititectly to said individual semiconductor 
g device, said bus f urtheW in^s^uding at least one bus clock line 

for carrying early and la^e b^ clock signals, said semiconductor 

20 device comprising / 

connection mfeans a'daptek to connect said semiconductor 

device to said b^s, and 

an internal device clock generating means which 
generates an internal device clock synchronized to a time 
25 halfway between said early and said late bus clock signals. 

i 
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109. The semiconductor device of cWim 108 wherein said bus 
further includes a first and a second oAe of said bus clock 
lines, said first bus clock line carrl/4s said early bus clock 
signal and said second bus clock linef carries said late bus clock 
signal, said semiconductor device farther comprising a means to 
detect said early bus clock sional/on said first bus clock line 
and a means to detect said late ^s clock signal on said second 
bus clock line. 

110. The semiconductor device of claim 109 wherein said 
semiconductor device is a meriory device which connects 
substantially only to said bus and sends and receives 
substantially alA^dress . /data and control information over said 
bus . 



svice capable of use in a semi- 

luding a plurality of semiconductor 
to a bus wherein said bus includes 
ing as a sequential series of 
control and device-select 
conductor device for communication 
with substantially ivery other semiconductor device connected to 
said bus, and has Substantially fewer bus lines than the number 
of bits in a single address, and carries device-select 
information for /aid semiconductor device without the need for a 



111. A semicondu 
conductor bus architect 
devices connected in p 
a plurality of bus li 
bits substantially a 
information needed Yjv said s 
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separate device-select line connected diriectly to said individual 
semiconductor device, said semiconductoi/ device comprising 

connection means adapted to ^nnect said semiconductor 

device to said bus, 

a plurality of input receiyers connected to one of said 

bus data lines and / 

a selection means for selecting said input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of bits. 



:tor device of claim 111 wherein said 



112. The semicoi 
semiconductor device Vs a\meTaf>ry device which connects 
substantially only to said pjis and sends and receives 
substantially all addres^s, ^daHs^ and control information over said 
bus . 



113. The semiconductor 
receivers are connected /to one 



(Vice o€ claim 112 wherein two input 
vOf said bus lines. / 



114. A semiconductor device capable of use in an 
architecture for a sCTiiconductor system bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said bus system indludes a plurality of bus lines for carrying 
substantially all address, data, control and device-select 
information needed by said semiconductor device for communication 
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with substantially every other semiconductor device connected to 
said system bus, and has substantially fewer bus lines than the 
number of bits in a single address, and carries device-select 
information for said semiconductor device without the need for a- 
separate device-select line coimected directly to said individual 
semiconductor device, said semiconductor device comprising 

connection means adapted /to connect said semiconductor 
device to said system bus, 

an internal input/output bus within said semiconductor 
device having more lines than said system bus, and 

a means for multipleiing the lines of said internal bus 
to the lines of said eysjiem bus, whereby said system bus can 
run at a highdiv speed than said internal bus. 

115. The semiconductor device of claim 114 wherein said 
semiconductor device isVa/memory device which connects 
substantially only to saM system bus and sends and receives 
substantially all address,\data\and control information over said 
system bus . / \ \ 

• 116. A semiconductor devjice capable of use in an 
architecture for a ^miconductor system bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said system bus infcludes a plurality of bus lines for carrying 
substantially aiy address, data, control and device-select 
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information needed by said semiconductor /device for coxmnxinication 
with substantially every other semicondutator device connected to 
said system bus, and has substantially /fewer bus lines than the 
number of bits in a single address, and carries device-select 
information for said semiconductor device without the need for a 
separate device-select line connected directly to said individual 
semiconductor device, said semiconductor device comprising 

connection means adapted' to connect said semiconductor 
device to said system bus, / 

an internal input/outj/ut bus within said semiconductor 
device havinSkmore lines /han said system bus, 

a means ftok multiple/xing the lines of said internal bus 
to the lines of\s^d system bus, whereby said system bus can 
run at a higher sbee^^^than said internal bus, and 

at least one miadi&iable identification register 
accessible to said sVstenN^us through said connection means, 
whereby data may be /t^nsmitted to said register via said 
system bus and whi^h exiables s^id device thereafter to be 
uniquely identified. \ \ 

: 117. The semicor/ductor device of claim 116 wherein said 
semiconductor device is a memory device which connects 
substantially only/to said system bus and sends and receives 
substantially all/address, data and control information over said 
system bus. / 
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118. A semiconductor device capable ybf use in an 
architecture for a semiconductor system iSus including a plurality 
of semiconductor devices connected in ykrallel to a bus wherein 
said system bus includes a plurality c/f bus lines for carrying 
substantially all address, data, con/rol and device-select 
information needed by said semiconductor device for communication 
with substantially every other s^iconductor device connected to 
said system bus, and has substan/ially fewer bus lines than the 
number of bits in a single addr4ss, and carries device-select 
information for s^ semiconductor device without the need for a 
separate device-se\^ line /onnected directly to said individual 
semiconductor devici\id Semiconductor device, comprising 

connection \ea\/adapted to connect said semiconductor 

device to said sy^teto B\^, 

an internal i^lput/ou^t bus within said semiconductor 
device having mo^fe \ines tha\said system bus, 

a means fo/mulWexing tke lines of said internal bus 
to the lines of said Lstem bus, whereby said system bus can 
run at a high;lr speed ^han said internal bus, and 

at least one modifi\ble register to hold device address 
information/ said modifiake register accessible to said 
system bu/ through said connection means, whereby data may 
be transZtted to said register via said system bus which 
enables/said device thereafter to respond to a predetermined 
range /of addresses . 
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119. The semiconductor device of claim 0.18 wherein said 
semiconductor device is a memory device which connects 
substantially, only to said system bus and afends and receives 
substantially all address, data and contr^. information over said 
system bus . 

120. The semiconductor device of claim 119 wherein said 
memory device has at least one discrete memory section and also 
has at least one modifiable address register adapted to store 
memory address information which corjtesponds to each said 
discrete memory section. 



121. A semiconductor device capable of use in an 
architecture for a semicojidiictor feystem bus including a plurality 
of semiconductor devices donn^tid in parallel to a bus wherein 
said system bus includes a Vlura^Lity of bus lines for carrying 
substantially all address, dkt J and control information needed by 
said semiconductor device for Nfcommuikcation with substantially 
every other semiconductor devick connoted to said system bus, 
and has substantially fewer l/us lines than the number of bits in 
a single address, said semiconductor device comprising 

connection means Adapted to connect said semiconductor 
device to said system/ bus, 

an internal inpyt/output bus within said semiconductor 
device having more lines than said system bus. 
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a means for multiplexing the linefe of said internal bus 
to the lines of said system bus, whejteby said system bus can 
rxin at a- higher speed than said inttemal bus, and 

at least one modifiable acces4-time register accessible 
to said system bus through said yfconnection means, whereby 
data may be transmitted to said/ register via said system bus 
which establishes a predetermined amount of time that said 
semiconductor device thereafter must wait before using said 
system bus in response to a/request. 

122. The semictonductor device of claim 121 wherein said 
semiconductor devic^isN^ memory device which connects 
substantially only tfe saidV&Vstem bus and sends and receives 
substantially all add\ess, ydk^a and control information over said 
system bus. 

123. The semiconduq{:oV device ^of claim 121 further 
comprising at least two/ acc^s -time \egisters and one of said 
access-time registers Lb perm^ently programmed to contain a 
fixed value and at ld4st one of said access-time registers can be 
modified by informat/ion carried on said system bus. 

124. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connect/d in parallel to a bus wherein said bus includes 
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a plurality of bus lines for carrying siibstantially all address, 
data, control and device-select informition needed by said 
semiconductor, device for communicatiorl with substantially every 
other semiconductor device connected/to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-select/ information for said 
semiconductor device without the Aeed for a separate device- 
select line connected directly tb said individual semiconductor 
device, wherein said address, d4ta, control and device-select 



information is carried over sa/d bus in the form of request 
packets and busN^Mnsactions ,/ said semiconductor device 

comprising \ \. / 

connection me^s a/dapted to connect said semiconductor 

device to said Is^us, 

a means to r^cei.Ve\aid request packets over said bus, 
a means to decdjae inf oration in said request packets, 

and 

a means to re^pond\to said^ information in said request 
packets . 



125. The semicotlductor device of claim 124 wherein said 
means to decode information in said request packet further 
comprises 

a means /to identify and decode said control information 
in said request packet. 
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a means to identify and decode said device-select 
information in said request pacl 

a means to identify and encode said address information 
in said request packet and 

a means to determine Wether said control information 
or said address information instructs said semiconductor 
device to begin a response. 

126. The semiconductor /device of claim 124 wherein each of 
said bus transactions is carried out in response to said address 
and said control i^formataon in one of said request packets, and 
wherein said means tb idfentify and decode information in said 
request packets ikclud^ a means to identify a sequence of bytes 
on said bus as oneNof /sahd request packets containing said 
address and said con^xol ^formation, said control information 
including inf ormatioi\bout the type of said bus transaction 
being requested and/ theVaccessVime which needs to intervene 
before beginning said bus transa^ition over said bus and said 
address and said yControl information includes device-select 
information instructing one or more said semiconductor devices to 
respond to said/ address and said control information. 

/ 

127. The/ semiconductor device of claim 124 further 
comprising 
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a plurality of sense amplifies adapted to precharge to 
a selected state or to latch a bit of information, 

a means to hold said sense ^plifiers in an unmodified 
state after latching one of said bits of information, 

a means to precharge said iense amplifiers and 

a means for selecting whel/her said semiconductor device 
should precharge said sense amplifiers or should hold said 
sense amplifiers in an unmodified state. 

128. The semiconductor devLbe of claim 124 wherein said 
means to respond t^aid information, where said information is 
control informationV further cbmprises a means to 

transfer a i^atk\blo<tk during a data block transfer, 
further including ^a means to 

read data\roJm\aid semiconductor device and 
write data imto said semiconductor device, and 
initiate a data Aaliack trai^fer, 
transfer a dat^ block of a\elected size, 
transfer a datA block^at a selected time, 
access a contiol register, including a means to read 
* from or write to Said control register, or 
select normal or page-mode access. 

129. The semicdhductor device of claim 124 further 
comprising a means /to respond to said information in said request 

f 

t 
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packet if said information includes a device identification 
nxiinber unique to said semiconductor /device. 

130. The semiconductor device/ of claim 124 further 
comprising a means to respond to said information in said request 
packet if said information includes a special device 
identification number which cal/s for said semiconductor device 
to respond. 



10 



131. The semfbpnductor device of claim 124 further 
comprising a mean! t^respo/d to said information in said request 
packet if said infopiat^-on/ includes an address unique to said 
semiconductor device 



IS' 



lU 



132. The semicondu^or device of claim 124 further 
comprising a means to yintferpretNsaid control information and 
decode the time to w^it becpre begriming said bus transaction 
over said bus. 



20 133. The semiconductor device of claim 124 further 

comprising a meai/s to interpret said control information and 
decode the size/of a data block to transfer during one of said 
bus transactioils . 
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134. The semiconductor device oy claim 124, 125, 126, 127, 
128, 129, 130, 131, 132 or 133 wherein said semiconductor device 
is a memory device which connects sfubstantially only to said bus 
and sends and receives substantially all address, data and 

5 control information over said bus J 

135. A semiconductor device/ capable of use in a semi- 
conductor bus architecture inclAding a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 

10 a plurality of bi^lines for ofarrying substantially all address, 

O data, control andNleVice-selJct information needed by said 

ffi semiconductor devick fbr comtaunlcation with substantially every 

O other semiconductor device connected to. said bus, and has 

ji substantially fewer busNliii^ than the number of bits in a single 

15^ address, and carries deviVe-s^ect information for said 

H semiconductor device withbUt the\need for a separate device- 

H select line connected ditectly to ^aid individual semiconductor 

5 device, wherein said address, \data, control and device-select 
information is carried /over said bus in the form of request 

20 packets and bus transactions, said semiconductor device 

comprising / 

connection Leans adapted to connect said semiconductor 

device to said £>us, 

a means tp encode address and control information in 

25 said request /packets and 
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a means to send said request t/ackets over said bus. 

136. The -semiconductor device of /claim 135 further 
comprising a means to request a bus t/ransaction wherein each of 
said bus transactions is carried oul/ in response to said address 
and said control information in on/ of said request packets, and 
wherein said means to encode inf oration in said request packets 
includes a means to mark a sequence of bytes on said bus as one 
of said request packets, said c/ntrol information including 
information about the type of Lid bus transaction being 
requested and the access time/which needs to intervene before 
beginning said bS^Wansactiia over said bus and said address and 
said control infornia^n in/ludes device-select information 
instructing one or i^reWd semiconductor devices to respond to 
said address and said^ont^ information. 

137. The semiconduAr devi^^ of claim 135 wherein one or 
more of said plurality /of ^^micond^ctor devices has a'unique 
device identification /numbek said semiconductor device further 
comprising a means J send control information to a specific one 
of said plurality oJ semiconductor devices by including in said 
request packet a se/lected said device identification number. 

138. The semiconductor device of claim 135 wherein each of 
said plurality Jf semiconductor devices is adapted to respond to 
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a special device Identification number/ said semiconductor device 
further comprising a means to send control information to each of 
said plurality of semiconductor devils by including in said 
request packet said special device Identification number. 

139. The semiconductor device/ of claim 135 wherein one or 
more of said plurality of semiconductor devices is a memory 
device having a plurality of addresses, said semiconductor device 
further comprising a means to lend control information to a 
specific address or range of Addresses in one of said plurality 
of semiconducto\devices by i/ncluding said specific address or 
range of addresse^in said j/equest packet. 



?kei 



140. The semicof^du>sto 
one of said request pa^ 
transaction which is fo 
transactions, said semi 
means to encode said c 
indirectly the time be^ 
requesting a bus tran 
transaction over saidf bus. 



OW€ 



device of claim 135 wherein at least 
is a request packet requesting a bus 
by a corresponding one of said bus 
iduc^r device further comprising a 
1 information to specify directly or 
ythe end of said request packet 
action and said corresponding bus 



tr< 



ween 



141. The semiconductor device of claim 140 wherein one type 
of said bus transactions is a transfer of a data block, said 
semiconductor device further comprising a means to encode said 



High Performance Bus Interface -119- 



• 



control information to specify the size ^f said data block to 
transfer. 

142. The semiconductor device of fclaim 140 further 
comprising a means to keep track of oirrent and pending bus 
transactions, whereby collisions on yfeaid bus are avoided because 
said semiconductor device avoids initiating bus transactions 
which would conflict with current /or pending bus transactions. 

143. The semiconi^uctor devi/ce of claim 135 wherein said 
semiconductor device ^sNa first master device and one of said 
plurality of semicond\ctoXde/ices is a second master device, 

further comprising 

a collision de^c^in^eans whereby said first master 
device when sending V first\ne of said request packets can 
detect said second m4s^er device sending a colliding one of 
said request packetfe, w\ere sai\ colliding request packet 
may be sent simultaneous Vith th^initial sending of or 
overlapping the sbnding ofXsaid first request packet, and 

an arbitration means whereby said first and said second 
master devices/select a priority order in which each of said 
master devicefe will be allowed to access said bus 
s equen t i a 1 1 v . 
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144. The semiconductor device of dlaim 143 wherein said 
semiconductor device is a master deviq'e and at least one of said 
plurality of semiconductor devices is/ a master device, each of 
said master devices has a master ID humber and each of said 
request packets includes a master ID position which is a 
predetermined number of bits in a Predetermined position in said 
request packet, and wherein said Collision detection means 

comprises / 

a means for said semiconductor device to send its 
master ID number in said request packet and 

a means tfi\detect a cbllision and invoke said 
arbitration meinkif saidf semiconductor device detects any 
other master ID\nuinJs<er ik said master ID position. 

145. The semiconductor /dfevice of claim 144 wherein said 
system bus architecture Wludek a means for carrying information 
on said bus during bus cy)(les, said^ semiconductor device further 
comprising 

a means for da/ivin\ a selected bus line or lines during 
at least one seledted bus\^ycle while sending each said 

request packet, 

a means fo^ monitoring said selected bus line or lines 
to see if anotWer said master device is sending one of said 
colliding requ)Bst packets and 
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a means for informing all siid master devices that a 
collision has occurred and for Invoking said arbitration 
means . ' 

146. The semiconductor devic^ of claim 145 further 
comprising 

a means, when sending k request packet, for driving a 
selected bus line or line^ with a certain current during at 
least one selected bus cycle, 

a means for monitoring said selected bus line or lines 
for a greateVN:han normal current to see if another said 
master device VsNiriv^g that line or lines, 

a means fory deleting said greater than normal current 

airid \ / \ 

a means for intormin^all said master devices that a 
collision has occutr\d and f^r invoking said arbitration 
means . 

147. The semiconductor device of claim 143 wherein said 

arbitration means comprises 

** / 

a means for initiating an arbitration cycle, 

a means fior allocating a single bus line to each said 

master devicJ during at least one selected bus cycle 

relative to the start of said arbitration cycle. 
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. means for allocating each said master devifce to a 
single bus line during one o£ said selected bus/cycles if - 
there are more master devices than available iTus lines, 

a means for each of said master device/ which sent one 
of said colliding request packets to driv/said bus line 
allocated to said master device during ^id selected bus 
cycle, and 

a means in at least one of said^aster devices for 
storing information about which ma^er devices sent one of 
said colliding request packets, 

whereby fai^ master devices/ can monitor selected bus 

:ycle and identify each said 
lot said colliding request 

packets . 



lines during _ 

master device which 



master devices 
'said'^rbitration 



sent one; 



148. The semicondlctor d^i^ce of claim 143 wherein said 

arbitration means comprises 

a means for idWfyingVach of said master" devices 
which sent one of sU collidi^ request packets, 

a means for as Aning a prWity to each said master 
device which sent L\j^^ cokiding request packets, and 
a means for /iXowin, each said master device which sent 
one of said colliding request packets to access the bus 
sequentially aafcording to that priority. 
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